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Development of an in vitro drug safety assessment based on the function of the neural network is required in 
preclinical studies. In particular, in vitro microelectrode array (MEA) assessment using human induced 
pluripotent stem cell (iPSC)-derived neurons holds promise as a method of seizure and toxicity evaluation. 
However, there are still issues surrounding the analysis methods used to predict seizure and toxicity liability as 
well as drug mechanisms of action. In this study, we developed an artificial intelligence (AI) capable of 
predicting the seizure liability of drugs in in vitro neural circuit activities. First, we developed a 4-step method 
that can accurately detect synchronized burst firing (SBF), which is a major parameter of the in vitro neuronal 
circuit activities, and developed the SBF detection AI using the SBFs detected by the 4-step method as teacher 
data. This SBF detection AI enables unified detection of SBFs and improves toxicity evaluation accuracy. Next, 
we developed an AI for predicting seizure liability of drugs and mechanism of action of drugs using raster plot 
images. It has become possible to realize dose-dependent toxicity determination of unlearned drugs, predict drug 
names, and rank drug toxicity risks. Finally, we discussed the approaches to have extrapolability in vivo in the 
developed in vitro method for predicting seizure liability. These results suggest that the developed AI analysis 
methods will greatly advance the method for predicting seizure liability of drugs using in vitro MEA data, and 















































析法の開発、開発した in vitro の痙攣毒性予
測法を生体（in vivo）への外挿性を担保でき
る予測法とする為の脳波における痙攣前兆状














可能な 4-step methodを開発した。4-step 
method は、次の 4つのステップで構成され
る。ステップ 1：発火間隔（Inter Spike 

































Fig.1 4-step SBF detection method. 
Fig.3. Schematic of the burst detection algorithm 
Fig.2. Difference in SBF detection between the 
conventional and 4-step methods. (a) The 
AWSDRs, raster plots showing a firing pattern 
typical for a low ratio of SBFs, and the SBFs 
detected by the conventional and 4-step methods. 
F indicates a false detection by the conventional 
method. (b) Analyzed SBFs by both methods. *p 
< 0.05; **p < 0.01. 
 










































Table.1 Probability of drug name in each 
concentration data predicted by AI.  
Fig.6 Dose-dependent prediction of seizure risk.  
Fig.5 Data flow and architecture of seizure risk 
prediction model. w1 is the weight between the 
input layer and the hidden layer, w2 is the weight 
between the hidden layer and the output layer. 
Fig.4. Difference in SBF detection between 4-step 
method and burst detection model. (A) Raster 
plots for 30 sec and Typical SBF detection using 
(a) 4-step methods and (b) burst detection model. 
The blue area shows the SBF detected. The red 
area shows the SBF detected by burst detection 
model. (B) Comparison of SBF analysis. (a) 
Number of SBFs/10 min. (b) Duration of an SBF. 
Black bar, 4-step detection method; red bar, burst 
detection model. 
 





















痙攣前兆時の脳室内濃度における in vitro 
MEA データを取得し、その用量を AI に学習





























ースト発火検出法は、in vitro MEA データの



















Fig.8 Prediction of seizure aura in ECoG data. (A) 
Seizures score by AI prediction. (a)4-AP, (b) 
strychnine, (c) Pilocarpine, (d)Vehicle.  
Fig.7 Histogram image of frequency intensity 
distribution (a) scalogram image. (b) histogram of 
frequency intensity distribution at each frequency. 
(c) Histogram image of frequency intensity 
distribution. 
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作用機序を識別する能力を有しており、精度
の高い新規痙攣リスク予測法としての有効性






い技術である。ラスタープロットは in vitro 
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